onto the ice from a nearby shore. By definition, a glacial erratic's makeup is geologically dissimilar from the native composition of its surroundings. Even from a distance, the Amarualiks could see that these rocks were unique. They drove onto the ice to get a better look.
Near one of the boulders, they found a fish skeleton unlike any they had seen before. It came from a fish approximately 75 cm long, which would have made it larger than any local fish inhabiting Bay waters. Its toothfilled jaw suggested that it was an aggressive predator. The Amarualiks thought that it might be a deep-water species from the Arctic Ocean. They packed up the bones and brought them back to their house, with the plan to one day show them to someone curious enough to have them identified. Then they could add the information to the collection of artifacts they had assembled over the years.
IDENTIFICATION
In 2013, Peter showed the bones to Dr. Richard Crawford, a retired scientist who had spent much of his career studying the fish of Resolute Bay. Rick and Peter had worked together during the 1980s at South Camp, a field research station operated by Fisheries and Oceans Canada. Rick was at Resolute in 2013 as a member of the Ocean Tracking Network (OTN) team from the Great Lakes Institute for Environmental Research (GLIER) at the University of Windsor in Ontario, Canada. The OTN team was studying the movement and ecology of fish and marine mammals in the region, working with Inuit hunters and fishermen, including Peter. Rick agreed with Peter that the bones were from a fish larger than any that typically inhabited the area. Although he could not identify the species, he suspected the fish was related to the abundant, but much smaller, Arctic cod (Boreogadus saida) found in the region. Rick took high-resolution photographs of the bones with a Zeiss Macro-Planar T lens to pursue identification (Fig. 2) .
Rick sent the image to Noel Alfonso at the Canadian Museum of Nature in Ottawa, asking for help in identifying the fish species. Although Noel was an expert in Arctic fish fauna, he did not recognize the bones, so he passed the image on to his colleague, Steve Cumbaa, a paleoichthyologist at the museum. Steve responded with the following message on 29 June 2016:
The bones, as far as I can tell from the photo, are all from the head and anterior vertebral column of a single individual of the Atlantic cod, Gadus morhua. My comparison with the reference skeletons in the museum's collection showed that the bones of the Greenland cod, Gadus ogac, are similar, but not as good a fit. The bones are quite distinct from those of the Arctic cod, Boreogadus saida. Peter Amarualik was quite right when he suggested the bones were from a species exotic to Lancaster Sound. According to the information I have, the Atlantic cod is known from the North Atlantic around Iceland and north along the Greenland shore, but in the western North Atlantic only from Cape Dyer, Baffin Island, southward. This would be roughly 1500 km SE of Lancaster Sound as the crow flies (much farther as the cod swims!).
Compliments too to the photographer on including the scale in the nicely focused photo. It made identification easy, and I was able to determine by comparative measurements that the bones represent a cod which was approximately 700 mm in total length, which is a pretty good size. The colour and condition of the bones appear similar to bones that have been buried, as perhaps in an archaeological context, but that would not seem to make sense given what was said about their discovery. Suffice it to say they appear to be old: decades to hundreds of years or more. Hope this helps.
Given the bones were from a species, Atlantic cod (Gadus morhua), that is more than 2000 km from its current northernmost range (Froese and Pauly, 2017) , Peter and Nancy were likely correct that multiyear ice brought the bones from a far distance. Ice drift in Baffin Bay follows a counterclockwise circulation pattern, traveling north along the western Greenland coast and then south along the eastern coasts of Ellesmere and Baffin Islands (Kwok, 2007) . Although Lancaster Sound tends to contribute sea ice to this circulation rather than receive it, geostrophic dynamics, coupled with geometrical constraints and the direction of surface drift through the archipelago, can explain the existence of multiyear ice on the north shore of Lancaster Sound (LeBlond, 1980) . This pattern of ice movements would suggest that the cod bones originated from the Greenland side of Baffin Bay. Although Atlantic cod are found in Hudson Bay, it is unlikely the bones originated there because of the path of multiyear ice in the Canadian archipelago. Atlantic cod are not found in the Arctic Ocean, so sources from the west are also unlikely.
The range of Atlantic cod may have shifted south since the last mini-ice age (roughly 1300 to 1850 CE), and the bones found could alternatively have been placed on the ice farther north, potentially on the east coast of Ellesmere Island. Indeed, some of the last remaining ice shelves in the Canadian Arctic are on the northern coast of Ellesmere Island (Mueller and Vincent, 2006) . Reports from the late 1800s indicate extensive ice shelves along most of the northern Ellesmere Island coast (Jeffries, 2002) . By 1982, these ice shelves had been reduced by more than 90%, and by 2004, only a few major locations were left (Koenig et al., 1952; Mueller and Vincent, 2006) . There is no evidence of recent ice shelf regrowth, and the breakup of Greenland's ice shelves is ongoing. Regardless of its source, the multiyear ice on which Nancy and Peter found the bones was indeed old.
DETERMINING THE AGE OF THE BONES
Once the bones were identified as having come from a species exotic to the region, the next step was to then work out their age. Both Peter and Steve thought that the colour and condition of the bones was consistent with bones from old archaeological sites. The bones also closely matched Atlantic cod bones salvaged from the Mary Rose, a warship from the English navy of King Henry VIII that foundered off the south coast of England in 1545 during a battle with a French invasion fleet (Hutchinson et al., 2015) .
On the basis of this information, Rick and Aaron Fisk, leader of the OTN team in Resolute and professor at GLIER, arranged to have Peter send a sample of the bones to the A.E. Lalonde AMS Laboratory at the University of Ottawa. There, the age of the bones was radiometrically determined using carbon-14 analysis, the standard method for determining the age of biological material. Radiocarbon calibration was performed using OxCal v4.2.4 (Bronk Ramsey, 2009) with an IntCal13 calibration curve (Reimer et al., 2013); material codes are described in Crann et al. (2017) . Carbon (δ 13 C) and nitrogen (δ 15 N) isotopes were also determined for the bone samples at the G.G. Hatch Stable Isotope Laboratory at the University of Ottawa. The isotope analyses can provide insights into the geographic origin of the bones, as well as ecological information. Similar analyses were conducted on the Atlantic cod bones found stored in the wreck of the Mary Rose (Hutchinson et al., 2015) .
The radiocarbon aging analysis indicated that the bones were likely more than 400 years old, deposited on the ice during the period 1479 to 1654 CE, with a median date of 1563 CE. This date is very close to the date of the wreck of the warship Mary Rose in 1545 CE, on which Atlantic cod bones were found (Hutchinson et al., 2015) . Atlantic cod fisheries expanded significantly in European waters during the years when the bones were deposited on the ice, even back to the 13th century . Hutchinson et al. (2015) used δ 13 C and δ 15 N to identify the fishing grounds of Iceland and Newfoundland as the source of the Mary Rose Atlantic cod bones. Thus, the bones that Peter and Nancy found may have been put on the ice by early fishermen working in the North Atlantic region, potentially along the western coast of Greenland.
The range and median date of the bones found by Peter and Nancy indicate they were deposited on the ice (1479 -1654 CE) during the middle part of the Little Ice Age (~1300 to 1850 CE). This timing, along with the period of European fishing of Atlantic cod, supports our contention that the bones likely came from the west coast of Greenland and not from locations north of Lancaster Sound. Drinkwater (2005) reported that Atlantic cod are known to have extended their range northward relatively rapidly in the past, particularly in response to warming water. If these bones were deposited during the Little Ice Age, it is unlikely that the Atlantic cod range extended to the far north.
Unfortunately, the δ 13 C (−14.0‰) and δ 15 N (22.6‰) values determined for the Atlantic cod bones provided little clarity for the source location of the bones. Although the δ 13 C value is similar to that of Atlantic cod bones collected in Newfoundland (Hutchinson et al., 2015) , the δ 15 N was well above any Atlantic cod values reported to date, including those from archaeological sites for cod and other species (Barrett et al., 2011; Ascough et al., 2014; Hutchinson et al., 2015) . This δ 15 N value is also higher than that reported for marine fish from the Arctic, including top predators such as the Greenland shark (Somniosus microcephalus) (McMeans et al., 2013) .
This finding demonstrates that multiyear ice can hold archaeological artifacts and provide insight on the history of fish ecology in the Arctic. It also shows that traditional knowledge and local customs are invaluable in identifying these unique occurrences. The Amarualiks' curiosity and expertise, combined with their local insights, provided the knowledge needed to help further the ecological history of the area.
